Six barrows, average initial BW 20.2 + 0.9 kg, were fitted with a pancreatic pouch re-entrant cannula. Following a 14-d recuperation period, the pigs were fed two diets according to a crossover design, twice daily. Two maize starch-based diets were formulated to contain 12 and 24% CP from soyabean meal. The experiment consisted of 2 periods of 12 d each. The average BW at the start of periods 1 and 2 were 24.0+ 1.1 and 31.3 + 2.6 kg, respectively. The average BW at the conclusion of the experiment was 40.2 +1.6 kg. The daily volume of secretion was slightly higher (P < 0.05) in pigs fed the low compared with the high protein diet. There were no differences (P>0.05) in total protein output in pancreatic juice although the protein concentration (g/1" 1 ) was higher (P<0.05) in pigs fed the high protein diet. There was no effect (P>0.05) of dietary CP level of the total activities (units 24 h" 1 ) of chymotrypsin, trypsin, amylase and lipase. The specific activities (units f') of chymotrypsin and amylase were higher (P < 0.05) when the high protein diet was fed. An increase in BW augmented (P<0.05) the secretion of volume of pancreatic juice, protein output and total activities of chymotrypsin and lipase. In conclusion, there were no differences in total protein output and total enzyme activities in pancreatic juice when the dietary CP content ranges from 12 to 24%.
INTRODUCTION
There is a scarcity of information on the effect of dietary CP levels on the total secretion of protein and enzyme activities in exocrine pancreatic secretions. Hee etal. (1988) ,in studies with pigs fed a maize starch-based diet containing 15% CP from soyabean meal or a maize starch-based protein-free diet, reported no differences (P>0.05) in the total secretion of protein and total lipase activity. However, the total activities of trypsin, chymotrypsin and amylase were considerably lower (P<0.05) in pigs fed the protein-free diet. In another study, Corring and Saucier (1972) fed growing pigs four maize starch-based diets that contained 0 (protein-free diet), 10, 30 or 40% CP from fish meal. Total chymotrypsin activity responded to an increase in dietary CP content. Dietary CP content had only a minor effect on total trypsin and amylase activities in pancreatic juice. However, the results from their study do not allow for comparison of total secretion of protein and enzyme activities between the four diets as these were fed in sequence (0, 30,10 and 40% CP, respectively), therefore at different BW. As was reported previously (e.g., Gabert et al.,1996) BW may affect total enzyme activities in pancreatic juice.
The objective of this study was to determine the effect of dietary protein level on the exocrine pancreatic secretions of protein and enzyme activities in growing pigs prepared with the "Pouch" technique (Hee et al., 1985) . Two maize starch-based diets containing 12 and 24% CP from soyabean meal were evaluated. The range from 12 to 24% CP was chosen as it encompasses the CP content of diets usually fed to pigs. The amino acid content in both diets met the NRC (1988) requirements.
MATERIAL AND METHODS

Animals and diets
Six PIC (Pig Improvement Canada) barrows (Camborough x Canabrid), average body weight 20.2 + 0.9 kg, were obtained from the University of Alberta Swine Research Unit. The pigs were housed individually in stainless steel metabolism crates in a barn in which the temperature was maintained at 25±1°C. The pigs were given ad libitum access to a grower diet containing 16% CP (Sauer et al., 1983) . Water was freely available from as low-pressure drinking nipple.
After two days, the pigs were fitted with a pancreatic re-entrant cannula according to procedures adapted from Hee et al.(1985) with modifications described by Gabert et al. (1996) . Procedures for pre-operative, surgery and post-operative care were previously described by Hee et al.(1985) . The pigs were immediately returned to the metabolism crates after surgery and fasted that same day. The next day they were given approximately 100 g of a starter diet containing 18% CP (Sauer et al., 1983) twice daily. The daily feed allowance was gradually increased until the pigs consumed the diet at a rate of 5% (wt/wt) of their individual BW. The re-entrant cannula and the connecting one-way valve were flushed with saline twice daily during the first three days after surgery to ensure that there was no blockage. The pigs were allowed a 14-d recuperation period during which time the starter diet was fed. Two maize starch-based soyabean meal diets were formulated to contain 12 and 24% CP (Table 1) . Soyabean meal (47% CP) was ground through a 2-mm mesh screen prior to incorporation into the diets. Solkafloc and canola oil were included in the diets. Dextrose (10%) was included to possibly improve the palatability. Vitamins and minerals were supplemented according to the NRC (1988) requirements. Lysine, threonine and methionine were also included in the 12% CP diet to meet the NRC (1988) requirements for these amino acids.
The pigs were allotted to the two experimental diets according to a crossover design (Petersen, 1985) . Each experimental period lasted 10 d. The pigs were fed twice daily, at 08:00 and 20:00 h, equal amounts each meal in the form of mash. The daily allowance was offered at a rate of 5% of BW for each pig which was measured at the beginning of each experimental period. The average BW were 24.0+ 1.1 kg and 31.3 + 2.6 kg at the start of periods 1 and 2, respectively. The average BW at the conclusion of the experiment was 40.2+1.6 kg. The experimental proposal and surgical procedures were reviewed and approved by the Animal Care Committee of the Faculty of Agriculture, Forestry, and Home Economics at the University of Alberta. The animals were cared for in accordance with the guidelines established by CCAC ( 1984) .
Collection of pancreatic secretions
Pancreatic juice was collected continuously for 12 h from 08:00 to 20:00 h on d 8 and 20:00 on d 9 to 08:00 h on d 10 of each experimental period. The collection, sampling and return of pancreatic juice were carried out according to procedures described by Gabert et al. (1996) . Samples of pancreatic juice, 10% of the hourly volume, were taken each h during the 12-h collection period and immediately frozen at -20°C.
Chemical and statistical analyses
Samples of the diets were taken each time the meal allowances were weighed out and finally pooled for each dietary treatment. The pooled samples were ground in a Wiley mill through a 0.8 mm mesh screen before analysis. Analysis for DM and ether extract were carried out according to the AOAC (1990) methods. The nitrogen content was measured using a Leco FP-428 Nitrogen Analyzer (Leco Corporation, St. Joseph, MO, U.S.A). Analyses for NDF and ADF were carried out according to procedures outlined by Goering and van Soest (1970) . Gross energy content was determined with an AC-300 Leco Automatic Calorimeter (Leco Corporation, St. Joseph, MO, U.S.A). Amino acid contents of the diets were determined according to procedures previously described by Li et al. (1994) . The chemical composition of the experimental diets are presented in Table 2 .
For the determination of protein content and enzyme activities, the hourly samples of pancreatic juice were thawed at 4°C and pooled, taking 2% of each hourly sample, for each pig and each 12-h collection period. Total nitrogen in pancreatic juice was measured with a Leco FP-428 Nitrogen Analyzer. The Table 1 protein content in pancreatic juice was determined according to procedures described by Lowry et al. (1951) . The standard curve was prepared using bovine serum albumin (Sigma Chemical Company, St. Louis, MO, U.S.A; Code: P-0914) as standard.
The activity of a-amylase (EC 3.2.1.1) in pancreatic juice was determined according to procedures described by Rick and Stegbauer (1974) and the Enzyme Manual (WBC,1988) ; lipase (EC 3.1.1.1) activity according to Schmidt et al. (1974) . Activities of trypsin and chymotrypsin in pancreatic juice were determined according to Rick (1974 a, b) following activation of chymotrypsinogen and trypsinogen to chymotrypsin and trypsin, respectively, by enterokinase (Sigma, enteropeptidase, EC 3.4.21.9; Code: E-0632). The activation procedures were carried out according to Glazer and Steer (1977) with modifications described by Gabert et al. (1996) .
Enzyme activities in pancreatic juice were expressed as units per litre (U/T 1 ) for specific activities and units per 24 h (U24 h" 1 ) for total activities. One U of enzyme activity is defined as the amount of enzyme that hydrolyzes 1 ^mol of substrate in 1 min at 25°C. Total enzyme activity was calculated as the product of specific activity and total volume of pancreatic juice secreted in 24 h. Previous studies with pigs (Hee et al., 1988; Pohland et al., 1993) showed no differences (P > 0.05) in secretion volume, protein content and enzyme activities of pancreatic juice collected between day (08:00 to 20:00 h) and night (20:00 to 08:00 h) under conditions when pigs were fed twice daily 12 h apart, equal amounts each meal. Therefore, results obtained from each 12-h collection are representative of a 24-h collection.
Results were subjected to analysis of variance using the General Linear Model procedure of SAS (1990) . The statistical model included dietary treatments, experimental periods, animals and interactions between dietary treatments and experimental periods and animals as sources of variation. The means of dietary treatments and experimental periods were compared with the Students' t-test (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
The pigs remained healthy and consumed their meal allowances in 30 min after feeding throughout the experiment. Postmortem examinations, conducted at the conclusion of the experiment, revealed no intestinal adhesions or other abnormalities. The effect of dietary CP level on the volume of pancreatic juice is presented in Table 3 . The total volume of pancreatic secretion was slightly higher (P<0.05) when the low (12% CP) compared with the high protein diet (24% CP) was fed. This was likely caused by the lower buffering capacity of the low protein diet in the stomach, resulting in a higher pH in digesta in the duodenum and secretion of secretin, thereby increasing the flow of pancreatic juice. The volume of secretion of pancreatic juice in this study was lower than those reported by Hee et al. (1988) and Pohland et al. (1993) in studies with larger pigs, but similar to those reported by Gabert et al.(1996) with pigs in the same BW range that were also fed maize starch-based soyabean meal diets.
The concentration of protein in pancreatic juice was higher (P<0.05) when the high protein diet was fed (Table 3) . There was no effect (P>0.05) of dietary CP level on the daily secretion of protein. The daily protein output in pancreatic juice was approximately 10 g, which accounted for only 6.0 and 3.4% of the dietary CP intake of pigs fed the low and high protein diets, respectively. From this study, it seems that the pancreatic protein output is not affected by the dietary CP content, in the range from 12 to 24%. It should be pointed out that the amino acid supply in the low protein diet, which was supplemented with lysine, methionine and threonine, met NRC (1988) requirements. As was suggested by Imbeah et al. (1988) , only very large differences in dietary CP content may perhaps elicit differences in pancreatic protein output.
The specific activity of chymotrypsin was higher (P<0.01) when the high protein diet was fed (Table 3) . However, its total activity was not affected (P>0.05) by dietary CP content. In addition, there was no effect (P>0.05) of dietary CP level on both specific and total activities of trypsin. Pohland et al.(1993) , in studies with pigs fed four diets ranging from 11.2 to 18.6% CP, also observed no effect (P>0.05) of dietary CP content on the total activities of chymotrypsin and trypsin. However, in these studies the dietary protein originated from different protein-containing feedstuffs. In addition, other dietary factors may have influenced pancreatic enzyme activities.
The specific activity of a-amylase was higher (P<0.01) in pancreatic juice from pigs fed the high protein diet (Table 3) . However, there was no effect (P>0.05) of dietary CP content (or inversely of starch content) on the total activity of a-amylase. These results do not agree with those reported by Corring 214 LI S. ET AL. (1975) and Ozimek et al. (1995) who observed that the pancreatic secretion of a-amylase in pigs was very sensitive to changes in the dietary starch content. For example, studies by Ozimek et al. (1995) showed a 50% decrease in total a-amylase secretion when 15% maize starch was replaced by 15% fat in a 15% CP maize starch-based soyabean meal diet.
As expected, there was also no effect (P>0.05) of dietary CP level on the activities of lipase (Table 3) ; the ether extract content was similar in both diets ( Table 2 ). As was reported by Corring (1977) unless there is a substantial change in the dietary ether extract content, there is no effect on lipase activity.
The present study showed that there was no effect (P>0.05) of dietary CP level, from 12 to 24%, on the total secretion of protein and enzyme activities in pancreatic juice. Hee et al. (1988) fed pigs maize starch-based diet that contained 15% protein from soyabean meal or a maize starch-based 15% protein-free diet. There were no differences (P > 0.05) in the total secretion of protein in pancreatic juice and lipase activity. However, the total activities of trypsin, chymotrypsin and amylase in pancreatic juice were considerably lower (P < 0.05) in pigs fed the protein-free diet, likely as a result of the protein-deficient status that was induced.
The effect of experimental period on the total volume, protein content and enzyme activities of pancreatic juice are presented in Table 4 . The average BW of the pigs were 27.6 and 35.8 kg during experimental periods 1 and 2, respectively (average BW from the start to the end of each experimental period). The total volume of secretion of pancreatic juice and protein were higher (P<0.01) in period 2 than 1. With respect to the enzymes, the specific activities of all enzymes, with the exception of trypsin, were lower (P<0.01) in period 2. The total activities of these enzymes were higher in period 2 than 1. The differences were significant (P<0.01) for chymotrypsin and lipase. These results are in general agreement with previous studies in which the volume of pancreatic secretion and total protein secretion were higher (P < 0.05) during the second experimental period. Furthermore, the total activities of a-amylase and chymotrypsin were also higher in period 2 than 1 although not significant. These results confirm the findings of Westrom et al. (1988) , as BW increases secretion rate increases. Gabert et al. (1996) also reported an increase in the secretion volume, protein output and activities of some of the pancreatic enzymes with increasing BW.
Protein in pancreatic juice is one of the endogenous protein sources secreted into the digestive tract. This study shows that the secretion of total pancreatic protein is not affected by dietary CP content, over the range from 12 to 24%. A recent study by Fan et al. (1995) , with growing pigs using the regression method, showed that the level of endogenous protein (amino acids) collected from the distal ileum was constant at different dietary CP levels. Results from this study, as far as pancreatic protein secretion is concerned, support the findings by Fan et al. (1995) . However, it should be pointed out that the pancreatic protein secretion is only a partial measurement of endogenous protein in ileal digesta; other sources which include sloughed epithelial cells, mucus and intestinal secretions should also be considered.
In conclusion, dietary CP levels ranging from 12 to 24% did not affect the total secretion of protein and total enzyme activities in pancreatic juice. An increase in BW augmented the volume of pancreatic secretion, total protein and enzyme activities.
